spacetime and can be understood as "dark"-energy. The scalar field becomes super-massive by the 85 contribution of the 5D Weyl tensor on the brane and stored azimuthal preferences of the spinning axes 86 of the quasars just after the symmetry breaking.
87
The outline of this manuscript is as follows. In section 2 we discuss the 5D warped spacetime. In 88 section 3 we reformulate the model in a conformal way. In sections 4 and 5 we handle the "un-physical" 89 metric without matter and in section 6 we add matter to the model and discuss the breaking of the 90 conformal invariance. 
with W = W 1 (t, r)W 2 (y) the warp factor. Our 4-dimensional brane is located at y = 0. All standard model fields reside on the brane, while gravity can propagate into the bulk. The 5D Einstein equations are
with κ 5 = 8π (5) G = 8π/ (5) M 3 pl , Λ 4 the brane tension, (4) g µν = (5) g µν − n µ n ν and n µ the unit normal 95 to the brane. The (5) M pl is the fundamental 5D Planck mass, which is much smaller than the effective
96
Planck mass on the brane, ∼ 10 19 GeV. We consider here the matter field (4) T µν confined to the brane, i.e., the U(1) scalar-gauge field.
98
From the combination of the components of the 5D Einstein equations, 5 G tt − 5 G rr one obtains for W 1 (t, r) the partial differential equation [ 
A typical solution is
with τ, d i some constants. So we have two branches, i.e., the plus and minus sign in Eq. (4). W 1 can 99 also be complex 1 . In figure 1 we plotted typical solutions of W 1 . The dynamics of the "scale-factor" of 100 the 4D hyper-surface is solely determined by the 5D Einstein equations (in the classical 4D situation 101 one easily obtains from the Einstein equations that W 1 (r, t) must be r−independent). The y-dependent
yield the well-known solution (for Γ(y) = 1) (w close to −1), can then be explained without the need of a cosmological constant ( or dark energy).
119
The Einstein equations and the scalar-gauge field equations are modified by the presence of the warp 120 factor.
121

The warped 5D metric revisited
122
Let us return to our metric Eq.(1) and define
Theg µν is sometimes called the un-physical metric. We now write the warp factor W 1 as a dilaton field ω 1 , which satisfy Eq.(3), written as ( we omit the index 1)
2 Sometimes one absorbs n in the gauge field by writing 
We can interpret the warp factor, which originally described the behavior of the expansion of our 123 warped spacetime, as a "scaling field" or dilaton field ω in conformal invariant gravity. 
One could also add a cosmological term −2Λ 4 ω 4 (see section 6). Variation with respect tog µν results
130
in the Einstein equation
Variation of Eq.(11) with respect to ω yields the well-known conformal invariant equatioñ
One can easily verify that
µν ] = 0 with the help of Eq.(13). So the trace of any matter field contribution must be zero. We will return to this issue in section 6. Here we already remark that Maxwell's equations, ∇ µ F µν , are conformal invariant (for dimension n=4), but Laplace's equation for a scalar field Φ, ∇ µ ∂ µ Φ = 0, is not. One can easily proof that for n dimensions,
is conformal invariant for conformal weight 2−n 2 . This scalar-field equation follows also directly from the Euler-Lagrange equations for the action[14]
We still can perform an additional gauge freedom, i.e., a local conformal transformation
The transformation properties of G µν and R are
so the vacuum breaks local conformal invariance. We obtain that Ω obeys the Laplace equation 
The un-physical metricg µν
135
We can solve the Einstein equations forg µν together with the dilaton solution and without any matter. From Eq.(12)we obtainG
The extra term E comes from the projected Weyl tensor[6], because we must use Eq. (7) as effective 4D
136
Einstein equations. Written out in components, the equations forγ andψ become
138
The equation for ω cannot be isolated from the effective 4D Einstein equations, as was already
. So we will use the dilaton equation Eq.(9). From the equations Eq.(9), Eq. (13) and 140 Eq.(19) we obtain the constraint equation
We must note that in the non-vacuum model [15] , the dilaton equation Eq. (9) We should like to compare the solution forg µν with the "classical" vacuum axially symmetric
145
Weyl solution of the system (the subscript w stands for Weyl) 
This solution leads for C = 1 to the Schwarzschild metric by the transformation 160 r → √ r 2 − 2mr sin θ, z = (r − m) cos θ. In section 6 we will use a slightly different solution of Eq.(23)
161
for our conformal invariant model.
162
In figure 2 we plotted a typical solution for e 2γ and e 2ψ . We also plotted, for comparison, the 
171
We will return to this issue in the next section.
172
Generation of conformally Ricci-flatg µν
173
To get an indication how to proceed with the un-physical metricg µν in order to ends up with a Ricci-flat spacetime by conformal transformations, we consider, as an illustrative example, the Minkowski spacetime written in radiative coordinates [see textbook of Wald[14])
with v = t + r, u = t − r. One needs information about the behavior of fields when v → ∞.
and "infinity" corresponds to V = 0. But the metric is singular at V = 0. We have obtained a bad coordinate system. Suppose we define an un-physical metricg µν = V 2 η µν . We then obtain a smooth metric extended to V = 0 and can handle tensor analysis at infinity. One can even do better by introducing the conformal factorg µν = 4 (1+v 2 )(1+u 2 ) η µν . If one chooses the coordinates T = tan −1 v + tan −1 u and R = tan −1 v − tan −1 u, one obtains the static (S 3 ⊗ ) Einstein universe 
with c i constants of integration. This Ricci-flat Weyl solution has some interesting properties, i.e., the C-energy is non-vanishing and c 2 = 0 introduces a conical singularity. For some values of c 1 are the solutions self-similar. For c 1 = 1 2 it is flat. Let us denote this metric as g
µν . In order to maintain Ricci-flat spacetimes after the conformal map g
µν , Ω must satisfy again Laplace equation ( see Eq.(13) with ω replaced by Ω)
The constraint equation from the Einstein equations is again Eq.(22), now for Ω
and doesn't contain the constants c i . The constant c 1 enters an initial condition for ∂ r Ω. A special solution is Ω = 1 √ t 2 −r 2 . So one can construct self-similar Einstein-Rosen spacetimes. There exist many generating methods to obtain, for example, Einstein-Rosen soliton wave solutions, superimposed on a Levi-Civita seed [19] . This generation procedure complicates of course considerable for ourg µν of 181 Eq.(8). In the non-vacuum case becomes the procedure even worse. Conformal invariance will then be 182 broken. We will study this problem in the next section. 
Matter comes into play
184
The reason for writing the FRLW spacetime Eq.(1) in polar coordinates will become clear when 185 we include the U(1) scalar gauge fields into the model, i.e., Eq.(7). In a FLRW spacetime, any spacelike 186 geodesic with t = constant delineates an axis of rotational symmetry, so it is always possible to rotate 187 the coordinate system in such a way that this axis becomes the polar axis.
188
In a former study [15] it was found that in order to incorporate the Nielsen-Olesen vortex solution of the U(1) scalar-gauge field (axially symmetric!), one needs the FLRW in polar coordinates. Radiative effects can then be studied and the behavior of the "string-like" matter field. One must consider two regions, i.e., the moment in time when the Hubble radius is much larger than the string-core and the moment in time when the radius of the vortex was comparable with the Hubble radius. A nasty problem is that the late-time approximate spacetime is of the form[20]
or transformed
Some tricky matching conditions are necessary at the boundary with the radiating Einstein-Rosen 
Indeed, our world is not vacuum, so the task is to add a matter Lagrangian L M to the action and 
where we omitted, for the time being, other interaction terms. The gauge covariant derivative is it can produce complex solutions, for example, the deSitter spacetime. It must be noted that in our 217 axially symmetric spacetime, we defined t → iz together with z → it, so the latter problem doesn't 2 ).
221
The re-scaled Lagrangian Eq.(34) becomes
After variation with respect to the field variables, one obtains the equations of motioñ
Newton's constant reappears in the quadratic interaction term for the scalar field. 
Conclusions
255
We analyzed conformal invariance in a non-vacuum 5D warped Einstein-scalar-gauge-field model,
256
where the warp factor is reinterpreted as dilaton field. The equation for this dilaton can be isolated 
